Sequencing the Bacillus subtilis genome has revealed about 4,100 genes, the function of which approximately 60% has been identified either experimentally or by computer-based analysis (9) . As a first step to elucidate the function of the remaining ϳ1,600 genes, a network of 18 European and 12 Japanese laboratories has systematically inactivated most of these genes of unknown function (17) . To obtain this goal, the integration vector pMUTIN was constructed (18) . This vector is unable to replicate in B. subtilis, but upon insertion of about 300 bp derived from the coding region of the gene to be inactivated by PCR, it can integrate into that gene by homologous recombination. Integration of the recombinant pMUTIN vector into the target gene transcriptionally fuses lacZ to that promoter of the gene, and downstream genes can be controlled by the isopropyl-␤-D-thiogalactopyranoside (IPTG)-dependent Pspac promoter (18) .
A further characterization of unknown gene products at the protein level requires their detection by antibodies. Production of antibodies requires purification of the protein followed by immunization of an animal, normally a rabbit. This procedure is time consuming and expensive, and the antibodies obtained often vary in their quality. To circumvent these problems, the method of choice is the use of epitope-tagging vectors and/or green fluorescent protein (GFP) fusions, both of which are important tools in eukaryotic systems (1, 12) . While epitopetagging vectors have never been described for B. subtilis, GFP fusion vectors are available, but they do not allow fusion of the localization tag to chromosomally located genes (4, 10, 11) . We made use of the pMUTIN vector and modified it in such a way to allow a translational fusion of the three epitope tags FLAG, hemagglutinin (HA), and c-Myc and the localization tags GFP, cyan fluorescent protein (CFP), and yellow fluorescent protein (YFP) to the 3Ј end of any gene within the B. subtilis chromosome and of any other bacterial species not allowing replication of pMUTIN. While the FLAG tag is an artificial 8-aminoacid residue-long peptide (7), c-Myc (10 amino acid residues) and HA (9 amino acid residues) were derived from the human c-myc proto-oncogene and the HA of the influenza virus, respectively (3, 20) . Antibodies specifically recognizing these tags are commercially available. GFP and its two variants are highly useful fluorescent tags for studying the localization and dynamics of proteins in living cells.
Construction of six tagging integration vectors. We started from the integration vector pDE01, a precursor of the pMUTIN2 derivative that carries bgaB instead of the lacZ reporter gene (E. Deuerling, unpublished work); this gene codes for a heat-stable ␤-galactosidase (5). First, the SalI-SphI fragment carrying the bgaB gene was replaced with a polylinker with several unique restriction enzyme sites (Table 1) , resulting in the plasmid pMUTIN-Poly and thereby destroying the SalI site. To ensure efficient termination of transcription immediately downstream of the hybrid gene, the trpA terminator of the Escherichia coli tryptophan operon (8) , assembled from two complementary oligonucleotides (Table 1) , was inserted into the SpeI-SphI sites of pMUTIN-Poly in such a way that the SphI site was destroyed, resulting in pMUTIN-Ter. This vector served as a backbone for the insertion of the six tagging sequences.
The DNA sequences coding for the three different epitopes (Table 1) were ligated as complementary oligonucleotides into the XmaIII and SpeI sites, resulting in pMUTIN-FLAG, -cMyc, and -HA ( were confirmed by DNA sequencing. The coding regions for the GFP and its two variants were generated by PCR and flanked with XmaIII and SpeI sites ( Table 2 ). As templates, we used the plasmids pMN402 (coding for GFP ϩ , a variant of the wild-type gfp exhibiting increased fluorescence [14] [using oligonucleotides ON1 and ON2] [ Table 2 ]) and pSG1186 and pSG1187 (ON3 and ON4, coding for cfp and yfp, respectively) (4), resulting in the three plasmids pMUTIN-GFP ϩ , -CFP, and -YFP (Fig. 1B) . All six tagging vectors retain the unique restriction sites KpnI, Eco47-3, ClaI, and XmaIII for insertion of PCR fragments.
Construction of recombinant tagging vectors. To prove that these vectors function appropriately, we decided to fuse the tagging sequences to two different genes, one coding for the cytoplasmic heat shock protein HtpG and the other for the ATP-and Zn 2ϩ -dependent protease FtsH, which is anchored to the cytoplasmic membrane (2, 16) . To accomplish this goal, about 300 bp from the 3Ј end of both genes excluding their stop codon was amplified by PCR using the oligonucleotides ON5 and ON6 in the case of htpG and ON7 and ON8 for ftsH ( Table  2 ). Both PCR products were cleaved with KpnI and XmaIII and ligated into the six tagging vectors treated with the same enzymes. In the last step, the 12 recombinant plasmids were used to transform competent B. subtilis strain 1012 cells (13) . Transformants were selected on Luria-Bertani plates containing erythromycin and were further analyzed by PCR for inte- FIG. 2 . Detection of the two proteins HtpG and FtsH by immunoblot analysis. B. subtilis strain 1012 and its isogenic derivatives were grown at 37°C to mid-exponential growth phase, and sample preparation for sodium dodecyl sulfate-polyacrylamide gel electrophoresis and for immunoblot analysis was performed as described previously (6) . An equal amount of protein was applied per lane. The blots were probed with ␣HtpG (A), ␣FtsH (B), ␣FLAG (C), ␣c-Myc (D), and ␣HA (E). The bands representing the tagged proteins are marked by an arrow. Antibodies against HtpG and FtsH have been raised against purified His-tagged proteins (2, 16) . Antibodies raised against the epitope tags were purchased from Sigma (␣FLAG and ␣c-Myc, clone 9E10) and Roche Diagnostics (␣HA, clone 12CA5). gration of one copy each of the plasmid at the correct locus (data not shown); one strain each was used in the following experiments. Fusion proteins carrying the three epitope tags can be detected using specific antibodies. In the next step, we tested for the production of fusion proteins carrying the different epitope tags. Cells carrying htpG or ftsH fused to either the FLAG, c-Myc, or HA epitope were analyzed for the presence of the appropriate fusions. As can be seen in Fig. 2A , ␣HtpG crossreacted with a protein of about 72 kDa present in all strains tested with the exception of the htpG knockout. The same result was obtained for FtsH, which could be detected in all strains but the ftsH knockout (Fig. 2B) . When antibodies raised against the three epitopes were used to probe the extracts, they specifically detected the two fusion proteins containing FLAG (Fig. 2C) , c-Myc (Fig. 2D) , and HA (Fig. 2E) . We conclude from these results that all three integration vectors function as expected and can be used to add one of the three epitopes to either a cytoplasmic or an integral membrane protein.
Fusion proteins carrying the three GFP variants can be demonstrated using anti-GFP antibodies. Next, we wanted to detect the six fusion proteins carrying the localization tags at their C termini by immunoblotting. Again, the proteins of the different cell extracts were separated by electrophoresis, blotted, and probed with three different antibodies. When the blot was treated with anti-HtpG (␣HtpG), cross-reacting material was detected in all cell lysates, with the exception of the ⌬htpG strain (Fig. 3A) . Cells from strains expressing a tagged HtpG protein exhibited a band which by its molecular mass represented the fusion protein. Two additional bands can be visualized, one with the molecular mass of HtpG and the second migrating between the two others (Fig. 3A) , both most probably representing degradation products. A similar observation was made when the blot was probed with ␣FtsH. Cross-reactive material was present in all extracts but those from the ⌬ftsH strain (Fig. 3B) . Again, strains producing the tagged FtsH exhibited two additional bands, one major with the molecular mass of FtsH and one minor migrating between the two others (Fig. 3B) . These data suggest that the fusion proteins are a target for one or more proteases within the B. subtilis cells. Furthermore, the antibodies reacted with a protein of about 50 kDa, not present in the ftsH knockout and therefore representing a degradation product of FtsH. When ␣GFP antibodies were used, they detected the fusion protein only and another protein present in all extracts (Fig. 3C) .
Since the tagged proteins could be directly visualized using fluorescence microscopy only in the case of the GFP ϩ versions (only filter sets for GFP were available; data not shown) and since descriptions of cells expressing FtsH-GFP have already been published (19) , we decided to measure the fluorescence of all three versions using a fluorometer. We chose the three strains producing HtpG fusion proteins, allowing the induction of its gene by heat shock (15) . It turned out that only HtpG-GFP ϩ could be detected in the absence of heat stress (Table  3) , while all three fusion proteins were clearly present after a heat shock. This experiment independently confirms that all three proteins are indeed produced.
Conclusions. (i) Six tagging integration vectors were constructed allowing translational fusions of two types of tagging sequences, epitope, and localization, to the 3Ј end of any chromosomal gene of interest. If this gene is part of a polycistronic operon and if one of the downstream genes is essential, its transcription can be ensured by an IPTG-regulable promoter. These vector plasmids were primarily constructed for use in B. subtilis but can be applied to any bacterial species not allowing replication of the pBR322-based plasmids. But expression of downstream genes depends on synthesis of the LacI repressor protein and proper functioning of the Pspac promoter. (ii) The epitope sequences (FLAG, c-Myc, and HA) allow detection of tagged proteins within the cell using commercially available antibodies. Furthermore, the FLAG and HA tags can be used to purify the fusion proteins by affinity chromatography. (iii) The localization tags GFP ϩ , which produces enhanced fluorescence; YFP; and CFP can be used to localize a protein to a specific compartment within the cell. (iv) To prove that all six tagging vectors are functional, they were fused to two different genes, one coding for the cytoplasmic protein HtpG and the other for the integral membrane protein FtsH. All 12 fusion proteins could be detected using specific antibodies. (v) The six plasmids can be ordered from the Bacillus Genetic Stock Center (http://bacillus.biosci.ohio-state.edu). The DNA sequences of the plasmids and their plasmid maps can be found at http: //btbgn1.bio.uni-bayreuth.de/lsgenetik1/frames.htm.
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Financial support was provided by EU project QLRT-1999-00413 and by the Fonds der Chemischen Industrie. a The strains expressing the three different fusion proteins were grown in Luria-Bertani medium at 37°C to mid-exponential growth phase and were then shifted to 48°C to induce a heat shock. One-milliliter samples were withdrawn immediately before and 30 min after challenge of the cells with heat stress. The cells were pelleted by centrifugation, resuspended in phosphate-buffered saline (0.1 M sodium phosphate, 1 mM MgCl 2 , pH 7.0), pelleted again, resuspended in the same buffer, and kept on ice. Then 0.1 V each of optical density at 578 nm was withdrawn and pipetted into cuvettes prewarmed at 25°C, and fluorescence measurements were carried out on an FS-4010 spectrophotometer (Hitachi). The wavelengths of fluorescence excitation and emission for the three are given.
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